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Colonization  factor  antigens  I  and  II  (CFA/I  and  CFA/II)  are  important  in  the  pathogenesis  of  diarrhea  in 
humans  caused  by  some  enterotoxigenic  Escherichia  coli  (ETEC).  Plasmid  DNA  from  16  CFA/I+  and  five 
CFA/II+  ETEC  were  examined  by  Southern  blot  analysis  with  enterotoxin  gene  probes  and  were  compared 
with  plasmid  DNA  from  derivatives  of  the  same  ETEC  that  had  lost  the  ability  to  produce  these  colonization 
factors.  Among  the  16  CFA/I+  ETEC  strains,  the  loss  of  CFA/I  was  accompanied  by  the  loss  of  a  plasmid  of 
between  34  and  68  megadaltons  (MDa)  coding  for  heat-stable  enterotoxin  A2  (ST-A2)  in  12  strains,  by  the  loss 
of  a  60-MDa  plasmid  coding  for  heat-labile  enterotoxin  (LT)  and  ST-A2  in  one  strain,  or  by  deletions  of  a 
segment  of  DNA  encoding  for  ST-A2  in  three  strains.  Among  five  CFA/ll  +  KTF.C  strains,  the  loss  of  CFA/II 
was  associated  with  the  loss  of  a  plasmid  of  75  MDa  coding  for  LT  and  ST-A2  in  three  strains,  with  the  loss  of 
genes  coding  for  LT  and  NT- A 2  from  a  68-MDa  plasmid  in  one  strain,  or  with  no  discernible  loss  of  a  plasmid 
or  DNA  sequences  coding  for  enterotoxins  in  the  remaining  strain.  The  loss  of  CFA/I  and  CFA/II  production 
was  associated  with  the  loss  of  DNA  sequences  encoding  for  ST-A2  in  20  of  21  ETEC  examined. 


In  certain  strains  of  enterotoxigenic  Escherichia  coli 
(ETEC)  isolated  from  humans  with  diarrhea,  two  different 
fimbrial  antigens,  colonization  factor  antigens  1  and  II 
(CFA/I  and  CFA/II).  have  been  identified  ( 10—15).  These 
fimbrial  antigens  enable  E.  coli  to  attach  to  the  luminal 
surface  of  the  small  intestines.  Both  attachment  and 
enterotoxin  production  are  important  in  the  pathogenesis  of 
E.  coli  diarrhea  (10).  The  ability  of  an  E.  coli  to  produce 
CFA/I  or  CFA/II  is  plasmid  mediated  (10.  22.  27.  28.  37-39). 
Genes  coding  for  CFA/1  and  heat-stable  (ST)  enterotoxin 
production  have  been  found  on  the  same  plasmid  (29.  37. 
39),  whereas  genes  coding  for  CFA/11  production  have  been 
associated  with  plasmids  coding  for  both  heat-labile  (LT) 
and  ST  enterotoxins  (28,  38).  Two  different  restriction  en¬ 
donuclease  fragments  of  plasmid  DNA  encoding  for  ST- A. 
detectable  in  a  suckling  mouse  assay,  have  been  cloned  and 
sequenced  (19,  26).  Cloned  gene  probes  coding  for  ST-A1. 
derived  from  an  ETEC  of  porcine  origin  ( 19).  and  for  ST-A2. 
from  an  ETEC  of  human  origin  (26),  did  not  cross-hybridize 
under  stringent  hybridization  conditions.  Moreover. 
Moseley  et  al.  (25)  demonstrated  that  E.  coli  H10407  con¬ 
tains  a  plasmid  coding  for  ST-A2  and  CFA/I  and  another 
plasmid  coding  for  LT  and  ST-A1.  Smith  et  al.  and  Willshaw 
et  al.  (39,  42)  have  previously  shown  that  plasmid  DNA 
sequences  coding  for  ST  were  closely  linked  to  a  region 
involved  in  CFA/I  production.  Two  regions  of  the  plasmid 
were  required  for  the  expression  of  CFA/I.  and  these  two 
sites  were  separated  by  a  length  of  DNA  corresponding  to  a 
molecular  size  of  25  megadaltons  (MDa)  (39).  Genes  coding 
for  ST-A2  were  associated  with  one  of  these  regions.  Other 
investigators  have  also  noted  an  association  between  CFA/I 
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and  genes  coding  for  ST  and  between  CFA/II  and  genes 
coding  for  LT  and  ST  (12.  22.  27.  28.  31.  37-39.  42). 

To  determine  the  association  of  genes  coding  for 
enterotoxins  and  colonization  factors,  plasmid  DNA  isolated 
from  CFA/1 '  and  CFA/II  E  TEC  and  derivatives  of  those 
same  isolates  that  had  lost  colonization  factors  were  exam¬ 
ined  by  Southern  blot  analysis  with  enterotoxin  gene  probes 
(41). 

MATERIALS  AND  METHODS 

Bacterial  strains.  The  21  ETEC  strains  examined  in  this 
study  were  isolated  from  different  sources  in  Thailand  in  1982 
to  1983  (4).  Isolates  were  tested  for  LT  in  Y1  adrenal  cells  (34) 
and  for  ST  in  the  suckling  mouse  assay  (7)  immediately  before 
being  examined  for  colonization  factors.  ETEC  isolates  were 
tested  for  mannose-resistant  hemagglutination  of  human 
group  A  and  bovine  erythrocytes  and  for  agglutination  in 
specific  antisera  to  CFA/I  and  CFA/II  (15). 

CFA-  derivatives.  None  of  21  CFA  '  ETEC  spontaneously 
lost  the  ability  lo  produce  CFA  after  repeated  passage  on 
CFA  agar  (13).  To  obtain  CFA  derivatives  of  these  strains. 
CFA'  ETEC  were  grown  in  increasing  concentrations  of 
novobiocin  (23):  surviving  E.  coli  were  isolated  on  CFA  agar 
(13).  Individual  colonies  were  initially  screened  for  man¬ 
nose-resistant  hemagglutination,  followed  by  agglutination 
in  CFA/I-  and  CFA/1  (-specific  antisera,  and  for  enterotoxin 
production  (7.  11.  15.  34).  The  CFA  '  strains  and  their  CFA 
derivatives  were  biotyped  as  described  by  Scotland  et  al. 
(36).  The  CFA/II '  ETEC  and  their  CFA  derivatives  were 
also  tested  for  the  three  distinct  fimbrial  antigens  of  CFA  II 
CS1.  CS2.  and  CS3  by  double  immunodiffusion  with  mono- 
specific  antisera  (40).  Antibiotic  susceptibilities  of  CFA ' 
ETEC  and  their  CFA  derivatives  were  determined  by  the 
disk  diffusion  method  tl). 

Plasmid  DNA.  Plasmid  DNA  was  isolated  from  CFA  '  and 
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FIG.  1.  Southern  blot  hybridization  of  plasmid  DNA  from  CFA* 
and  their  CFA  E.  coli  derivatives.  (A)  Ethidium  bromide-stained 
0.79J  agarose  gel.  Lanes:  a.  C529-1  LT'ST*  CFA/I’  E.  < <>/i;  b. 
C529- IP  LT'ST  CFA/I  E.  coli:  c.  CC619G-1  LT'ST'  CFA/II’  E. 
coli'.  d,  CC619G-1P  LT  ST  CFA/II  E.  coli:  e.  CD663B-1  LT  ST' 
CFA/I*  £'.  (■«//;  f.  CD663B-1P  LT  ST  CFA/I  E.  coli:  g.  C584-10 
LT  ST*  CFA/L  E.  coli :  h.  C584-10P  I.T  ST  CFA/I  E.  coli:  i. 
C712-3  LT'ST*  CFA/I*  E.  coli:  j.  C712-3P  I  T'ST  CFA/I  E. 
coli.  (B)  Autoradiograph  of  a  Southern  blot  of  the  gel  shown  in  panel 
A  hybridized  with  the  ST-A2  enterotoxin  gene  probe. 


CFA  pairs  of  strains  by  the  method  of  Birnboim  and  Doly 
(2),  separated  by  electrophoresis  on  0.7 V<  agarose,  stained 
with  ethidium  bromide,  and  photographed  under  UV  illumi¬ 
nation.  DNA  was  transferred  to  nitrocellulose  paper  (BA-85; 
Schleicher  &  Schuell.  Inc..  Keene.  N.H.)  by  the  Southern 
technique  (41)  and  examined  for  hybridization  with  the  LT, 
ST-A1,  and  ST-A2  enterotoxin  gene  probes  (25).  Plasmid 
molecular  weights  were  determined  by  their  electrophoretic 
mobilities  relative  to  plasmids  of  known  molecular  weights 
including  plac,  pPRC122.  pRl.  pRP4.  pR6K.  and  pSa  (3). 

RESULTS 

CFA/I +  ETEC.  The  16  CFA/I '  ETEC  belonging  to  four 
serogroups  and  three  biotypes  are  shown  in  Table  1.  The 
strains  and  CFA  derivatives  that  were  of  the  same  biotype 
and  antibiogram  were  examined  by  Southern  blot  analysis 
with  the  LT.  ST-A1.  and  ST-A2  gene  probes.  A  Southern 
blot  hybridization  of  plasmid  DNA  from  CFA  ‘  and  thus 
CFA  derivatives  examined  with  the  ST-A2  enterotoxin 
gene  probe  is  shown  in  Fig.  1.  As  summarized  in  Table  2.  the 
loss  of  CFA/I  was  associated  with  the  loss  of  a  plasmid 
between  34  and  68  MDa  encoding  for  ST-A2  in  12  strains  and 
with  the  loss  of  a  60-MDa  plasmid  coding  for  LT  and  ST-A2 
in  strain  C625.  The  39-MDa  plasmid  in  strain  C665-1P.  but 
not  in  its  parental  strain,  hybridized  with  the  ST-A2  probe 
which  suggested  that  the  ST-A2  gene  had  transposed  from 
the  68-MDa  plasmid  that  was  lost  onto  the  39-MDa  plasmid. 
This  strain  was  the  only  one  of  16  CFA/1  derivatives  that 
retained  the  ability  to  produce  ST.  In  CFA/I '  ETEC  strains 
C54-9,  C584-6,  and  C636-1  the  loss  of  the  ability  of  a  plasmid 
to  hybridize  with  the  ST-A2  enterotoxin  gene  probe  was 
associated  with  the  loss  of  the  ability  to  produce  ST  and 
CFA/I. 


CFA/II+  ETEC.  The  loss  of  a  plasmid  of  75  MDa  encoding 
for  LT  and  ST-A2  was  associated  with  the  loss  of  production 
of  CFA/ll  antigens  CS1  and  CS3  in  three  isolates  (Table  3). 
In  isolate  CF1D499-2  the  loss  of  production  of  CFA/II 
antigens  CS2  and  CS3  was  associated  with  the  deletion  of  a 
segment  of  DNA  of  approximately  1  MDa  that  contained 
genes  coding  for  LT  and  ST-A2.  In  isolate  OAE108-04-6  of 
biotype  F  loss  of  the  ability  to  produce  CS2  and  CS3  antigens 
was  not  associated  with  any  apparent  loss  of  plasmid  DNA 
or  of  genes  coding  for  enterotoxins.  The  loss  of  CFA/II 
antigens  CS1,  CS2.  and  CS3  was  not  associated  with  the  loss 
of  resistance  to  antibiotics  in  the  latter  instances. 

DISCUSSION 

In  20  of  21  CFA/1  ’  and  CFA/ll’  ETEC  examined,  the  loss 
of  CFA  antigen  production  was  associated  with  the  loss  of  a 
plasmid  or  of  a  segment  of  DNA  coding  for  ST-A2.  In  four 
CFA/I  *  ETEC  the  loss  of  CFA  and  ST-A2  occurred  without 
any  apparent  change  in  plasmid  molecular  weight.  This 
suggests  that  the  region  of  the  plasmid  involved  in  CFA 
synthesis  which  was  closely  associated  with  genes  for  ST-A2 
was  small.  The  genes  coding  for  ST  were  similar  to  the 
ST-A2  sequence  described  by  DeWilde  et  al.  (9)  which  is 
similar  to  the  DNA  sequence  coding  for  ST  cloned  by 
Moseley  et  al.  (26)  and  which  was  used  as  the  ST-A2  probe 
in  this  study. 

Although  no  linkage  has  been  demonstrated  between 
genes  coding  for  ST  and  other  colonization  factors,  it  is 
remarkable  that  E.  coli  with  colonization  factors  K99.  987P. 
and  F41  isolated  from  animals  with  diarrhea  produces  ST 
alone  (18).  The  close  association  between  the  genes  coding 
for  ST-A2  and  CFA/1  and  between  the  genes  coding  for  LT 
and  ST-A2  and  CFA/II  suggests  that  the  same  environmental 
pressures  that  were  involved  in  the  selection  of  DNA  se¬ 
quences  coding  for  ST-A2  may  also  have  selected  for  colo¬ 
nization  factors  associated  with  ETEC  isolated  from  hu¬ 
mans.  It  would  be  of  interest  to  determine  whether  DNA 
sequences  coding  for  ST-A1  (15)  or  ST-A2  (9.  25.  26)  are 
associated  with  genes  coding  for  the  colonization  factors 
found  on  E.  coli  isolated  from  animals. 

DNA  sequences  coding  for  ST-A1  were  not  associated 
with  genes  involved  in  either  CFA/I  or  CFA/II  synthesis  in 
the  strains  examined.  In  strain  S466-9  the  ST-A1  genes 


TABLE  1.  Biotvpes  of  16  CFA/I*  ETEC  isolates 


Re- 

*ult  of  test  with  indicated  serogroup 

Test" 

078 
t n  =-  }) 

0126 
(n  -  1) 

0128 

1 n  =  10) 

015? 

in  =  2) 

Acid  from: 

Adonitol 

- 

- 

- 

- 

Dulcitol 

- 

4 

- 

Sorbitol 

+ 

4- 

4 

4 

Xylose 

4- 

4 

4 

Rhamnose 

4 

4- 

4 

4 

Maltose 

* 

4 

4 

4 

1  .actose 

+ 

4 

+ 

4 

Sucrose 

4- 

4 

4 

- 

Sorbose 

- 

- 

- 

- 

Raffinose 

4 

4 

* 

- 

Decarboxylase: 

Ornithine 

4- 

* 

4- 

"  Tests  were  performed  as  described  by  Scotland  et  al.  t?6>.  Results  are 
listed  in  the  format  used  by  Merson  et  al.  1 24 1  In  addition  to  the  results  shown 
here,  the  10  0128  KTF.C  produced  acid  for  sahem. 
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TABLE  2.  Characteristics  and  plasmid  content  of  CFA/I 

'  ETEC  and  their  CFA/1 

derivatives 

Strain  no. 

Serogroup 

Antibiotic  resistance" 

CFA  1 

Toxin 

Molecular  wt  of 
plasmids  (1(f) 

LT 

ST 

C54-9 

0128 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

75.  60* 1 

C54-9P 

4 

75.  60* 

279B-1 

0128  (H12) 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

80.  57.*  48,  34' 

279B  IP 

- 

4 

- 

80,  57,*  48 

S356-1 

0128 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

80.  65-  60.*  48 

S356-1P 

4 

- 

80,  60.*  48 

C529-1 

0128 

None 

4 

4 

+ 

90.  68,'  65* 

C529-1P 

4 

- 

90.  65* 

CWBD529-1 

0128 

None 

4 

4 

4 

90,  68.'  65* 

CWBD529-1P 

4 

- 

90.  65* 

C712-3 

0128 

Ap.  Cm.  Sm.  Su.  Tc 

4 

4 

4 

90.  68.'  65* 

C712-3P 

4 

- 

90.  65* 

SCH885E 

0128 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

90.  62.*  50.'  34 

SCH885E-P 

4 

- 

90.  62,*  34 

C665-1 

0128 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

90,  68.'  65.*  50,  39 

C665-1P 

- 

4 

4 

90.  65.*  50,  39“ 

C625 

0128 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

75.  65.  60.* '  52 

C625P 

- 

- 

- 

75.  65.  52 

C636-1 

0128 

Ap.  Cm,  Sm.  Su.  Tc 

4 

4 

4 

85.  60*  ' 

C636-IP 

- 

- 

- 

85.  60* 

C41-4 

078  (H12) 

Cm.  Sm.  Su.  Tc 

4 

4 

4 

90.  68.'  64*  25 

C41-4P 

- 

4 

- 

90.  64’.  25 

C99-3 

078  (H12) 

Ap.  Cm.  Tc 

4 

_ 

4 

65.  56.'  42.  32' 

C99-3P 

- 

- 

65.  42 

S902-1 

078 

Ap.  Cm,  Tc 

4 

- 

4 

65.  56.'  43 

S902-1P 

- 

- 

- 

65.  43 

CD663B-1 

0126  (H6) 

Ap.  Tc 

4 

- 

4 

75.  68.'  60.  42.  39 

CD663B-1P 

- 

- 

75.  60.  42 

CWBC537-1 

0153  (H24) 

Ap.  Km.  Nm.  Sm.  Su,  Tp 

4 

- 

4 

65.'  59.  56.  50.  42 

CWBC537-1P 

“ 

- 

- 

59.  56.  50.  42 

C584-10 

0153  (H45) 

Ap.  Sm.  Su.  Tc 

4 

- 

4 

65.'  57.  50 

C584-10P 

- 

- 

65.  57.  50 

"  Ap.  Ampicillin, 

Cm.  chloramphenicol; 

Km.  kanamycin;  Nm,  neomycin;  Sm.  streptomycin:  Su. 

sulfisoxa/olc 

(sufphafurazofc):  Tc,  tetracycline:  Tp. 

trimethoprim. 

*  Hybridized  with  the  LT  cnt.Toloxin  gene  probe. 

'  Hybridized  with  the  ST-A.  cntcrnfiuin  gene  probe:  H  type  in  parenthesev 


located  on  a  27-MDa  plasmid  were  not  expressed  or  they 
produced  levels  of  ST  that  were  not  detected  in  the  suckling 
mouse  assay.  This  isolate  was  similar  to  H10407P  which  also 
contains  a  plasmid  coding  for  ST-A1  but  does  not  produce 
ST  (10.  26). 

Although  CFA/I  has  been  reported  by  several  authors  in 
ETEC  of  serogroup  0128  (4.  17.  21.  27,  31.  32.  35).  the 
reported  incidence  of  LT-ST  or  LT-producing  strains  within 
this  serogroup  has  been  rare  (4-6.  16,  17,  35)  compared  with 
the  frequencies  of  strains  producing  only  ST  (5. 8. 16, 17,  24, 
30,  33.  35).  Each  of  the  10  serogroup  0128  strains  reported 
herein  and  of  the  three  reported  earlier  (4),  all  of  which  were 
Thai  isolates,  produced  ST  and  LT.  The  production  of  LT  as 


measured  by  the  Y1  adrenal  cell  assay  was  confirmed  in  the 
present  study  by  the  demonstration  of  LT  genes  on  plasmids 
by  Southern  blot  analysis  with  an  LT  enterotoxin  gene 
probe.  The  fermentation  pattern  of  the  0128  strains  (Table  1) 
was  identical  to  that  reported  for  two  0128ac:H12  strains 
that  produced  both  LT  and  ST  and  that  originated  in 
Bangladesh  (17).  Thus,  the  LT-ST-producing,  CFA/I4  group 
0128  ETEC  reported  to  date  appear  to  be  of  Asian  origin. 

Efforts  to  construct  nontoxigenic  E.  coli  capable  of  pro¬ 
ducing  colonization  factors  for  use  as  possible  vaccine 
candidates  are  currently  being  pursued  by  a  number  of 
investigators  (20.  37).  It  has  been  difficult  to  construct 
nontoxigenic  CFA/1’  strains  because  the  genes  coding  for 
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TABLE  3.  Characteristics  and  plasmid  content  of  CFA/1L  ETEC  and  their  CFA/1I  derivatives 


Strain  no. 

Serogroup 

Biotype" 

Antibiotic 

resistance* 

Colonization  factor  antigens 

CFA/II  CS1  CS2  CS3 

Toxin 

LT 

ST 

Molecular  wt  of 
plasmid  (10*) 

CC619G-1 

06 

A 

None 

+ 

+ 

- 

+ 

+ 

+ 

75/  '' 42,  38,  27 

CC619G-1P 

- 

- 

- 

- 

- 

- 

42,  38,  27 

Spl08D-l 

06  (H16) 

A 

None 

+ 

+ 

- 

+ 

+ 

+ 

75,"'  42,  38,  27 

Spl08D-lP 

- 

- 

- 

- 

- 

42,  38,  27 

S466-9 

06  (H16) 

A 

None 

+ 

+ 

- 

+ 

+ 

+ 

75,‘  J  57,  50,  27' 

S466-9P 

- 

- 

- 

- 

- 

- 

57,  50,  27' 

CF1D499-2 

06 

B 

None 

+ 

- 

+ 

+ 

+ 

+ 

100,"'  68,"'  42 

CF1D499-2P 

- 

- 

- 

- 

+ 

100, 67,  42 

OAE108-04-6 

06 

F 

Ap.  Cm,  Tc 

+ 

- 

+ 

+ 

+ 

+ 

100,"'  68,  42 

OAE108-04-6P 

Ap,  Cm,  Tc 

- 

- 

- 

+ 

100,' *'68.  42 

"  Biotypes  were  determined  by  the  method  of  Scotland  et  al  (36). 

*  Ap.  Ampicillin;  Cm,  chloramphenicol;  Tc.  tetracycline. 
r  Hybridized  with  LT  enterotoxin  gene  probe. 

4  Hybridized  with  ST-A2  enterotoxin  gene  probe. 

'  Hybridized  with  ST-A1  enterotoxin  gene  probe.  H  type  in  parentheses. 


ST,  shown  in  this  study  to  be  ST-A2,  and  one  region 
involved  in  CFA/I  production  are  closely  linked  (37,  39,  42). 
The  close  association  between  genes  coding  for  LT,  ST-A2, 
and  CFA/II  may  also  be  a  problem  in  the  construction  in  a 
nontoxigenic  vaccine  candidates  capable  of  producing 
CFA/II.  It  may  still  be  possible  by  DNA  hybridization  and 
cloning  techniques  to  construct  isolates  which  produce  CFA 
antigens  but  which  do  not  contain  the  DNA  sequence  that 
encodes  for  ST-A2. 
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